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BI-DIRECTIONAL BIPOLAR JUNCTION
TRANSISTOR FOR HIGH VOLTAGE

ELECTROSTATIC DISCHARGE
PROTECTION

TECHNOLOGICAL FIELD

Embodiments of the present invention generally relate to
semiconductor devices and, more particularly, relate to a bi-
directional bipolar junction transistor (BJT) for high voltage
clectrostatic discharge (ESD) protection.

BACKGROUND

There 1s currently an ongoing drive toward the downscal-
ing of device dimensions 1n virtually all aspects of electronic
device manufacture. Smaller electronic devices tend to be
more popular than larger, more bulky devices when both
devices have substantially equivalent capabilities. Accord-
ingly, being able to fabricate smaller components would
clearly tend to facilitate the production of smaller devices that
incorporate those components. However, many modern elec-
tronic devices require electronic circuitry to perform both
actuation functions (e.g., switching devices) and data pro-
cessing or other decision making functions. The use of low
voltage complementary metal-oxide-semiconductor
(CMOS) technologies for these dual functions may not
always be practical. Thus, high voltage (or high power)
devices have also been developed to handle many applica-
tions where low voltage operation 1s not practical.

The electrostatic discharge (ESD) performance of typical
high voltage devices often depends on the total width and
surface or lateral rules of the corresponding devices. Thus,
ESD performance may typically be more critical for smaller
devices. High voltage devices typically have characteristics
that include a low on-state resistance (Rdson), a high break-
down voltage and a low holding voltage. The low on-state
resistance may tend to make an ESD current more likely to
concentrate on the surface or the drain edge of a device during
an ESD event. High current and high electric fields may cause
the physical destruction at a surface junction region of such a
device. Based on the typical requirement for a low on-state
resistance, the surface or lateral rules likely cannot be
increased. Thus, ESD protection may be a challenge.

The high breakdown voltage characteristic of high voltage
devices typically means that the breakdown voltage 1s higher
than the operating voltage, and the trigger voltage (Vtl) 1s
higher than the breakdown voltage. Accordingly, during an
ESD event, the internal circuitry of the high voltage device
may be at risk of damage before the high voltage device turns
on for ESD protection. The low holding voltage characteristic
of high voltage devices also leaves open the possibility that
unwanted noise associated with a power-on peak voltage or a
surge voltage may be triggered or that a latch-up may occur
during normal operation. High voltage devices may also
experience the field plate effect due to the fact that electric
field distribution may be sensitive to routing so that ESD
current may be likely to concentrate at the surface or drain
edge during an ESD event.

To improve high voltage device performance with respect
to ESD events, one technique that has been implemented
involves the additional use of masks and other processes to
create a larger sized diode within bipolar junction transistor
(BJT) components and/or increasing the surface or lateral
rules for MOS ftransistors. Silicone controlled rectifiers
(SCRs) have also been developed to protect circuitry during
ESD events. However, while the low holding voltage of SCRs

10

15

20

25

30

35

40

45

50

55

60

65

2

means they may perform well during ESD events, this char-
acteristic also increases the occurrence of latch-up during

normal operation.

Motor driver circuits may be particularly troublesome to
protect from ESD events using current solutions. This 1s
because when a motor 1s switched off, 1t may continue spin-
ning for some time, thus acting as an inductor which feeds
back a high negative voltage. If the motor driver circuitry
were to 1include a PMOS, the parasitic forward bias diode of
the PMOS may be turned on by this negative feedback volt-
age, potentially causing latch-up 1ssues and/or other 1irregular
circuit operation.

Accordingly, 1t may be desirable to develop an improved
structure for providing ESD protection and, 1n particular, for
providing bi-directional ESD protection.

BRIEF SUMMARY OF EXEMPLARY
EMBODIMENTS

Some example embodiments are therefore directed to alow
voltage structure bi-directional bipolar junction transistor
(BJT) for high voltage electrostatic discharge (ESD) protec-
tion. In some cases, the ESD protection may be provided at
least 1n part based on modifications to a BCD (Bipolar Com-
plimentary metal-oxide semiconductor (BiICMOS) Diffusion
metal-oxide semiconductor (DMOS)) process that may
involve an epitaxial process.

In one exemplary embodiment, a bi-directional BIT 1s
provided (“exemplary” as used herein referring to “serving as
an example, istance or illustration™). The bi-directional BJT
may include a p-type substrate, an N+ doped buried layer, an
N-type well region and two P-type well regions. The N+
doped buried layer may be disposed adjacent to the substrate.
The N-type well region may be disposed adjacent to the N+
doped buried layer and encompassing the first and second
P-type well regions such that a portion of the N-type well
region 1s mterposed between the first and second P-type well
regions. The P-type well regions may be disposed adjacent to
the N+ doped buried layer and each may respectively com-
prise one or more N+ doped plates and one or more P+ doped
plates.

According to a further embodiment, the P-type well
regions comprise three N+ doped plates, two P+ doped plates,
and two gate structures. For each P-type well, the three N+
doped plates, two P+ doped plates, and two gate structures
may be configured such that a first P+ doped plate 1s disposed
adjacent to a first N+ doped plate, a first gate structure is
interposed between the first and a second N+ doped plate, a
second gate structure 1s interposed between the second and a
third N+ doped plate, and a second P+ doped plate 1s disposed
adjacent to the third N+ doped plate.

In another exemplary embodiment, a circuit 1s provided
which comprises a bi-directional high voltage ESD protec-
tion element. The bi-directional high voltage ESD protection
clement comprises a p-type substrate, an N+ doped buried
layer, an N-type well region and two P-type well regions. The
N+ doped burnied layer may be disposed adjacent to the sub-
strate. The N-type well region may be disposed adjacent to the
N+ doped buried layer and encompassing the first and second
P-type well regions such that a portion of the N-type well
region 1s iterposed between the first and second P-type well
regions. The P-type well regions may be disposed adjacent to
the N+ doped buried layer and each may respectively com-
prise one or more N+ doped plates and one or more P+ doped
plates. The P-type well regions may comprise three N+ doped
plates, two P+ doped plates, and two gate structures. For each
P-type well, the three N+ doped plates, two P+ doped plates,
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and two gate structures may be configured such that a first P+
doped plate 1s disposed adjacent to a first N+ doped plate, a
first gate structure 1s interposed between the first and a second
N+ doped plate, a second gate structure 1s interposed between
the second and a third N+ doped plate, and a second P+ doped
plate 1s disposed adjacent to the third N+ doped plate.
According to yet another exemplary embodiment, a semi-
conductor device 1s provided which comprises a first 1solated

low voltage n-channel metal oxide field effect transistor
(LVNMOS) and a second 1solated LVNMOS, the first and

second 1solated LVNMOS sharing a common N-type well
1solation region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the mvention in general terms, ret-
crence will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIGS. 1a and 15 respectively illustrate a simplified dia-
gram ol a prior art SCR and its associated electrical charac-
teristics;

FIGS. 2a and 2b respectively illustrate a simplified dia-
gram of an embodiment of the present mnvention and its asso-
ciated electrical characteristics;

FIGS. 3a and 35 illustrate electrical circuits having elec-
trical properties roughly equivalent to an embodiment of the
present invention;

FIGS. 4a and 4b illustrate the circuit representations
depicted 1n FIGS. 24 and 26 under positive ESD stress;

FIGS. 5a and 5b illustrate the circuit representations
depicted 1n FIGS. 24 and 26 under negative ESD stress;

FI1G. 6 illustrates a cross-sectional view of the structure of
an example embodiment;

FI1G. 7 illustrates a cross-sectional view of the structure of
an example embodiment under positive ESD stress;

FI1G. 8 illustrates a cross-sectional view of the structure of
an example embodiment under negative ESD stress;

FIG. 9 illustrates breakdown voltage characteristics and
experimental electrical characteristics of an example embodi-
ment.

DETAILED DESCRIPTION

Some example embodiments of the present invention will
now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the mvention are shown. Indeed, various example
embodiments of the invention may be embodied in many
different forms and should not be construed as limited to the
example embodiments set forth herein; rather, these example
embodiments are provided so that this disclosure will satisty
applicable legal requirements.

Some example embodiments of the present invention may
provide a bi-directional BJT that may, for example, be used
for bi-directional high voltage ESD protection, e.g., protec-
tion for positive and negative voltage ESD. The bi-directional
BIT of example embodiments may combine two 1solation
low voltage N-channel metal oxide semiconductor transistors
(MOS) mto one ESD protection device, thus providing a
structure having a total area smaller than a diode—BJT and
MOS, while providing similar ESD performance in two
directions. Example embodiments may also have a break-
down voltage that 1s near the high voltage device operation
voltage and a trigger voltage that 1s lower than the high
voltage device breakdown voltage. Furthermore, a relatively

high holding voltage may be provided to more easily avoid
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latch-up occurrence than with a silicon controlled rectifier
(SCR). Example embodiments may, for example, be usetul in
motor driver circuits, such as connected between an I/O pad
and power pad. In this case, example embodiments may pro-
vide positive and negative high voltage ESD protection with-
out causing irregularities during normal operation and with-
out introducing latch-up issues. Example embodiments may
also be fabricated, 1n some cases, with a standard BCD pro-
cess that does not require the addition of an increased number
of masks or processes. The polysilicon used 1n some example
embodiments may, for example, be provided via a hard mask
at 10on 1mplantation

FIG. 1a 1llustrates a simplified diagram of a conventional
SCR 100. As shown, a conventional SCR consists of a P+
material 101 adjacent to an N-— material 102, which 1s in turn
adjacent to a P-type material 103 that 1s itself adjacent to an
N+ material 104. An electrically-equivalent diagram 102 1s
also depicted. As shown in the graph 160 of FIG. 15, a
conventional SCR provides ESD protection in the forward
direction, as illustrated by the snap-back 161 which occurs at
the forward breakdown voltage.

FIG. 2a illustrates a simplified diagram of an embodiment
of the present invention. As shown in view 200, embodiments
of the present mvention may operate as two NPN bipolar
transistors 201 having coupled N-type regions 202. Thus, as
can be seen 1n views 210 and 220, example embodiments may
function so as to be triggered by a forward bias diode 211,
then turn-on an NPN BIT 212 to snap-back, in both forward
210 and reverse 220 directions. The graph 230 1llustrates the
alorementioned forward and reverse snap-backs 231.
Example embodiments may have low on-resistance (Ron)

and high holding voltage, and high E

ESD current may be
discharged by the forward bias diode and NPN BIJT at the
same time.

FIGS. 3q and 356 illustrate simplified circuit diagram rep-
resentations of an embodiment of the present invention. As
can be seen 1n FI1G. 34, embodiments of the present invention
may comprise two low voltage 1solation NMOSs 3004, 30056
sharing a common 1solation region 301. As shown in FIG. 35,
the electrical properties of embodiments of the present inven-
tion may be modeled as two BJT transistors 310a, 3105 with
coupled collectors 311. As can be seen 1n FIGS. 4aq and 45,
under positive ESD stress, the top BIT transistor 310a instead
operates as a forward bias diode 410a. As can be seen 1n
FIGS. 5a and 5b, under negative ESD stress, the bottom BJT
transistor 310a instead operates as a forward bias diode 5105.
Thus, whether positive ESD or negative ESD stress 1s applied,
embodiments of the present mnvention may ensure ESD cur-
rent 1s discharged, thus providing bi-directional ESD protec-
tion. The forward and reverse breakdown voltages of example
embodiments may be made the same or different by using
1solation NMOS or NPN BJTs having the same or different
breakdown voltage.

Having thus described generally the electrical characteris-
tics and properties of example embodiments of the present
invention, reference will now be directed to FIGS. 6 through
8 1n order to describe the structure of an example embodi-
ment.

FIG. 6 illustrates a cross-sectional view of an example
embodiment for providing bi-directional high voltage ESD
protection. As can be seen from FIG. 6, a P-type material
substrate 600 or an epitaxially-grown P-layer (P-ep1) may be
provided with an N+ buried layer 601 disposed adjacent
thereto. An N-type well 602a-c may be dlsposed adjacent to
the N+ buried layer 601 and encompassing first and second
P-type wells 603a, 6035 such that a portion 6025 of the

N-type well over 1s disposed between the first and second
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P-type wells 603a, 6035. The N-type well 602a-c may be a
single contiguous well according to some embodiments or,
according to another embodiment, may comprise two or more
separate N-type wells. The outer portions of the N-type well
602a, 602¢ may be 1n contact with the P-type substrate 600
according to an example embodiment. The first and second
P-type wells 603q, 6035 may comprise at least one P+ doped
plate 604 and at least one N+ doped plate 605.

For example, according to the example embodiment
depicted 1n FIG. 6, the first and second P-type wells 603a,
6035 may each comprise two P+ doped plates 604, three N+
doped plates 605, and two gate structures 606. Thus, as
shown, the first P-type well 603a may comprise a first P+
doped plate 604 that may be disposed adjacent to a first N+
doped plate 605, a first gate structure 606 that may be inter-
posed between the first and a second N+ doped plate 605, a
second gate structure 606 that may be interposed between the
second and a third N+ doped plate 605, and a second P+ doped
plate that may be disposed adjacent to a third N+ doped plate.
Similarly, the second P-type well 6035 may comprise a third
P+ doped plate 604 that 1s disposed adjacent to a fourth N+
doped plate 605, a third gate structure that 1s interposed
between the fourth and a fifth N+ doped plate 603, a fourth
gate structure that 1s interposed between the fifth and a sixth
N+ doped plate 605, and a fourth P+ doped plate 604 that 1s
disposed adjacent to the sixth N+ doped plate. According to
another example embodiment, an anode 607 may be operably
connected to the P+ doped plates 604, N+ doped plates 605,
and gate structures 606 of one of the P-type wells 603q and a
cathode 608 may be operably connected to the P+ doped
plates 604, N+ doped plates 605, and gate structures 606 of
the other of the P-type wells 6035.

The gate structures 606 which may be formed between the
N+ doped plates 605 may include a gate oxide layer and a
layer of polysilicon, where the polysilicon may be provided
as a hard mask at 1on implantation. The gate 606 may enable
collective operation of the distributed N+ doped plates 605.
Field-oxide film (FOX) portions 609 may be disposed adja-
cent to the surface of portions of the N-type well 602a-c and
adjacent a distal end of each of the P+ doped plates 604. As
can be seen from FIG. 6, multiple BIT transistors 610a, 61056
(in this example there are four, two anode-side 610aq and two
cathode-side 6105) may be effectively formed by the pro-
vided structure. As shown, the collectors (denoted as “C” in
FIG. 6) of the anode-side BIT transistors 610a and cathode-
side BJT transistors 6105 are effectively connected according
to the depicted structure. Moreover, the bases (denoted as “B”
in FIG. 6) of the anode-side BIT transistors 610a and cath-
ode-side BIT transistors 6106 are effectively connected to
their respective P+ plates and the emitters (denoted as “E” in
FIG. 6) of the anode-side BIT transistors 610a and cathode-
side BJT transistors 61056 are effectively connected to their
respective N+ plates.

It will be understood that the configuration depicted in FIG.
6 and, indeed, configurations according to other embodi-
ments which are not depicted, may function as two 1solated
low voltage NMOS which share a common N-type 1solation
region 301. That s, the substrate 600, the N+ buried layer 601,
the N-the type well 602a, 6025, the P-type well 6034, along
with the P+ plates 604, N+ plates 603, and, according to some
embodiments, gate structures 606 associated with the P-type

well 603a, may function as a first 1solated low voltage NMOS
300a. Likewise, the substrate 600, the N+ buried layer 601,

the N-the type well 602¢, 6025, the P-type well 6035, along
with the P+ plates 604, N+ plates 603, and, according to some
embodiments, gate structures 606 associated with the P-type
well 6035, may function as a second 1solated low voltage
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NMOS 30056. The shared common N-type i1solation region
301 thus comprises N-type well 6025. The gate, source, and
drain of the 1solated low voltage NMOSs 300a, 3005 are
denoted 1n FIGS. 6 through 8 as “G,” “S,” and “D,” respec-
tively.

As shown 1 FIGS. 7 and 8, respectively, during a positive
ESD event, the anode-side transistors 610a may, in effect,
operate as forward bias diodes 710q, and during a negative
ESD event, the cathode-side transistors 6105 may, in effect,
operate as forward bias diodes 81054. Thus, during either a
positive or negative ESD event, ESD current may be dis-
charged by a forward bias diode and an NPN BJT at the same
time.

The material of the N+ buried layer 601 may be N-ep1, a
deep N-type well, or multiple, stacked N+ buried layers. The
P-type wells 603a, 6035 may be stacked with a P-type well
and P+ buried layer or a P-implant. The N-type wells 602a-c
may also be an N-implant in some cases. The structure may be
fabricated using any standard BCD process without addi-
tional masks. According to another example embodiment, the
structure may be fabricated with a non-epitaxial process, such
as a triple well process. The structure may also be fabricated
with a single poly or double poly process. A local oxidation of
s1licone (LOCOS) process may be used in the fabrication of at
least a portion of the structure, such as to fabricate the FOX
portions 609. Alternatively, a shallow trench 1solation (STT)
process may be used, such as to fabricate at least a portion of
the structure, such as the FOX portions 609.

FIG. 9 includes a topmost graph 900 illustrating the break-
down voltage characteristics of an example embodiment. As
can be seen from the graph 900, the breakdown voltage may
have an equal magnitude 1n the forward (positive) and reverse
(negative) direction. The bottom graphs 910, 920 1llustrate
measured leakage current 911, 921 between the anode 607
and cathode 608, and measured ESD current 912, 922 of an
example embodiment during positive and negative ESD
stress experiments, respectively. As can be seen, the both of
the measured ESD currents 912, 922 exhibit snap-back 931,
indicating successiul ESD protection in both the positive and
negative direction.

Example embodiments may therefore provide a relatively
small-sized bi-directional bipolar junction transistor (BJT)
for high voltage electrostatic discharge (ESD) protection.
Moreover, example embodiments may be applied to a stan-
dard BCD process without a requirement for use of additional
masks. Embodiments may also be applied to different high
voltage BCD processes and provide different operational
voltage related ESD protection 1n the same process by pro-
viding a N+ buried layer or N-type well recipe. As such, high
voltage ESD protection that 1s often required for devices that
are to be used 1n high voltage settings that may encounter
ESD events can be provided in a relatively small size and by
a relatively low voltage MOS structure. Some embodiments
could also be used for general DC circuit operation. Addition-
ally, ESD protection may be provided for devices which
require such protection to be bi-directional, such as in motor
driver circuits. In this regard, embodiments may, for example,
be operably connected between an mput/output (I/0) pad and
a power pad of the motor driver circuit so as to provide
positive and negative high voltage ESD protection without
causing irregular operation or inducing latch-up 1ssues.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled 1n the art
to which these mventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, 1t 1s to be understood that the
inventions are not to be limited to the specific embodiments
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disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions and
the associated drawings describe exemplary embodiments in
the context of certain exemplary combinations of elements
and/or functions, 1t should be appreciated that different com-
binations of elements and/or functions may be provided by
alternative embodiments without departing from the scope of
the appended claims. In this regard, for example, different
combinations of elements and/or functions than those explic-
itly described above are also contemplated as may be set forth
in some of the appended claims. Although specific terms are
employed herein, they are used 1n a generic and descriptive
sense only and not for purposes of limitation.

What 1s claimed 1s:

1. A bi-directional bipolar junction transistor (BJT) com-
prising:

a p-type substrate;

an N+ doped buried layer disposed adjacent to the sub-

strate;

a first P-type well region disposed adjacent to the N+ doped

buried layer;

a second P-type well region disposed adjacent to the N+

doped buried layer; and

an N-type well region adjacent to the N+ doped buried

layer and encompassing the first and second P-type well
regions such that at least a portion of the N-type well
region 1s mterposed between the first and second P-type
well regions;

wherein the first P-type well comprises first, second, and

third N+ doped plates, first and second P+ doped plates,
and first and second gate structures, the first P+ doped
plate being disposed adjacent to the first N+ doped plate,
the first gate structure being iterposed between the first
and second N+ doped plate, the second gate structure
being interposed between the second and third N+ doped
plate, and the second P+ doped plate being disposed
adjacent to the third N+ doped plate; and

wherein the second P-type well comprises fourth, fifth, and

sixth N+ doped plates, third and fourth P+ doped plates,
and third and fourth gate structures, the third P+ doped
plate being disposed adjacent to the fourth N+ doped
plate, the third gate structure being iterposed between
the fourth and fifth N+ doped plate, the fourth gate
structure being interposed between the fifth and sixth N+
doped plate, and the fourth P+ doped plate being dis-
posed adjacent to the sixth N+ doped plate.

2. The bi-directional BJT of claim 1, further comprising
first, second, and third field oxide (FOX) portions disposed
adjacent to the N-type well region, the first FOX portion being
turther disposed adjacent to the first P+ doped plate, the
second FOX portion being further interposed between the
second and third P+ doped plate, and the third FOX portio
being disposed adjacent to the fourth P+ doped plate.

3. The bi-directional BJT of claim 2, wherein the first,
second, and third FOX portions are fabricated via a local
oxidation of silicon (LOCOS) process.

4. The bi-directional BJT of claim 2, wherein the first,
second, and third FOX portions are fabricated via a shallow
trench 1solation (STT) process.

5. The bi-directional BJT of claim 1, wherein the gate
structures comprise a polysilicone layer.

6. The bi-directional BJT of claim 5, wherein the polysili-
cone layer 1s provided as a hard mask at 1on implantation.

7. The bi-directional BJT of claim 1, wherein the N+ buried

layer comprises an n-type epitaxial layer.
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8. The bi-directional BJT of claim 1, wherein the N+ buried
layer comprises a deep N-type well.

9. The bi-directional BJT of claim 1, wherein the N+ buried
layer comprises a plurality of stacked N+ buried layers.

10. The bi-directional BJT of claim 1, wherein each P-type
well comprises a stacked P-type well and P+ buried layer.

11. The bi-directional BJT of claim 1, wherein the P-type
wells are fabricated via P-type implantation.

12. The bi-directional BJT of claim 1, wherein the N-type
well region 1s fabricated via N-type implantation.

13. The bi-directional BJT of claam 1, wherein the bi-
directional BJT 1s fabricated via a single poly process.

14. The bi-directional BJT of claam 1, wherein the bi-
directional BJT 1s fabricated via a double poly process.

15. The bi-directional BJT of claam 1, wherein the bi-
directional BJT 1s fabricated via a non-epitaxial process.

16. The bi-directional BJT of claim 15, wherein the non-
epitaxial process comprises a triple-well process.

17. A circuit comprising a bi-directional high voltage elec-
trostatic discharge (ESD) protection element, the bi-direc-
tional high voltage ESD protection element comprising:

a p-type substrate;

an N+ doped buried layer disposed adjacent to the sub-

strate;

a first P-type well region disposed adjacent to the N+ doped

buried layer;

a second P-type well region disposed adjacent to the N+

doped buried layer; and

an N-type well region adjacent to the N+ doped buried

layer and encompassing the first and second P-type well
regions such that at least a portion of the N-type well
region 1s mterposed between the first and second P-type
well regions;

wherein the first P-type well comprises first, second, and

third N+ doped plates, first and second P+ doped plates,
and first and second gate structures, the first P+ doped
plate being disposed adjacent to the first N+ doped plate,
the first gate structure being interposed between the first
and second N+ doped plate, the second gate structure
being interposed between the second and third N+ doped
plate, and the second P+ doped plate being disposed
adjacent to the third N+ doped plate; and

turther wherein the second P-type well comprises fourth,

fifth, and sixth N+ doped plates, third and fourth P+
doped plates, and third and fourth gate structures, the
third P+ doped plate being disposed adjacent to the
fourth N+ doped plate, the third gate structure being
interposed between the fourth and fifth N+ doped plate,
the fourth gate structure being interposed between the
fifth and sixth N+ doped plate, and the fourth P+ doped
plate being disposed adjacent to the sixth N+ doped
plate.

18. The circuit of claim 17, wherein the bi-directional high
voltage ESD protection element further comprises:

an anode operably connected to the first, second, and third

N+ doped plates, the first and second P+ doped plates,
and the first and second gate structures; and

a cathode operably connected to the fourth, fifth, and sixth

N+ doped plates, the third and fourth P+ doped plates,
and the third and fourth gate structures;

turther wherein the circuit comprises a motor driver circuit

comprising an mput/output (I/0) pad and a power pad.,
one of the anode or cathode of the bi-directional high
voltage ESD protection element being operably con-
nected to the I/O pad and the other of the anode or
cathode of the bi-directional high voltage ESD protec-
tion element being operably connected to the power pad.
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19. A semiconductor device comprising a first 1solated low
voltage n-channel metal oxide field effect transistor (LVN-
MOS) and a second 1solated LVNMOS, wherein the first and
second 1solated LVINMOS share a common N-type well 1s0-
lation region, 5

wherein a first P-type well of the first LVNMOS comprises

first, second, and third N+ doped plates, first and second
P+ doped plates, and first and second gate structures, the
first P+ doped plate being disposed adjacent to the first
N+ doped plate, the first gate structure being interposed 10
between the first and second N+ doped plate, the second
gate structure being interposed between the second and
third N+ doped late and the second P+ doped plate being
disposed adjacent to the third N+ doped plate; and
further wherein a second P-type well of the second LVN- 15

MOS comprises fourth, fifth, and sixth N+ doped plates,

third and fourth P+ doped plates, and third and fourth

gate structures, the third P+ doped plate being disposed
adjacent to the fourth N+ doped plate, the third gate

structure being interposed between the fourth and fifth 20

N+ doped plate, the fourth gate structure being inter-

posed between the fifth and sixth N+ doped plate, and

the fourth P+ doped plate being disposed adjacent to the
sixth N+ doped plate.

¥ ¥ # ¥ ¥ 25
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